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Introduction
The reported results of operations for dislocation of the shoulder are mainly concerned with the recurrence rate [1, 2, 5, 8] , but pain, limitation of movement and osteoarthrosis are also documented [3, 4, 9, 10] . Tight repair by anterior capsulorraphy may contribute to osteoarthrosis [4, 9, 11] .
We report a retrospective long-term review of patients who had the Max Lange operation which is an anterior capsulorraphy with lateralisation of the subscapularis tendon and the insertion of a bone block at the inferior and anterior part of the glenoid [7] .
Patients and methods
Forty-five patients responded to the invitation for follow-up; 34 showed up for clinical examination and radiographs. The other 11 replied by letter and did not show up; they were excluded. There were 25 men and 9 women with a mean age at operation of 29.5 years (range 13 to 71 years). In 15 the left, and in 19 the right, shoulder was involved; in 17 the dominant side was affected.
Before operation, each patient had an average of 37 episodes (range 3 to 150) of dislocation of the shoulder, the initial dislocation being the result of an injury in every case. The main complaint was painful dislocation which limited daily activity. Two patients had both shoulders operated on, but only one side was evaluated in the statistical analysis.
Operative technique
The Max Lange operation is carried out through a deltopectoral approach. Subscapularis is exposed and detached from the lesser tuberosity in 20°of external rotation at the glenohumeral joint; the tendon is separated from the lax capsule. The antero-inferior rim of the glenoid is exposed and a bone block inserted (Fig. 1) . The subscapularis is then reattached to the lesser tuberosity with the arm in 20°of internal rotation; the anterior capsule is repaired by overlapping.
At follow-up, the clinical results were evaluated by the Rowe score [13] . Examination included the measurement of the active and passive range of movement of both shoulders. Internal and external rotation were measured with the patient supine and the arm in 90°of abduction and the elbow flexed 90°. Abduction and anteversion were measured with the patient standing.
Anteroposterior and axillary lateral radiographs were taken of both shoulders of every patient. Osteoarthrosis was classified by Hawkins and Angelo's method [4] .
Statistical analysis (ANOVA) was used for comparison of the range of movement at both shoulders employing Graph Pad Instat TM R software.
Results
The average length of follow-up was 14.4 years (range 5 to 28.5 years) at a mean age of 43 years (range 24 to 79 years). No patient had instability or a recurrence of the dislocation.
The patient's satisfaction was excellent in 28 (82%) and good in 6 (18%). The Rowe score showed excellent results in 23 (67%), good in 7 (21%), fair in 2 (6%) and poor in 2 (6%). The 2 patients with a fair result showed significant limitation of movement with moderate limitation of function, but their shoulders were stable. One patient with a poor result had a deep infection after revision operation and needed arthrodesis of the shoulder. The other was 71 years of age at operation and complained of poor function and significantly limited movement, although the shoulder was stable.
Twenty-eight were taking part in sport, of whom 14 had returned to their previous level, but none was professional. Sixteen were manual labourers, one of them had some problems but was able to cope with them. Eighteen were non-manual workers, but one had given up being a hairdresser because of instability of her shoulder.
The range of movement of the affected shoulder was restricted, the mean values being abduction Fig. 2 . CT arthrography showing a gap between the bone block and the bed into which it was inserted at operation 17 years previously 168°and external rotation 40°(p 50.05) compared to the normal side (abduction 179°, external rotation 66°). There was no significant difference between the active and passive ranges.
Radiological outcome
Plain radiographs showed osteoarthrosis of the glenohumeral joint in 16 patients (47%); mild in 10, moderate in 4 and severe in 2. The xenograft block was in situ in 19 and dislocated in one. In the remaining 14, the graft was not visible in conventional radiographs.
CT showed the bone block at the antero-inferior rim of the glenoid in the 18 patients who had this examination. None showed a solid fusion between the block and the scapula (Fig. 2) , and in one case the block was completely displaced from its bed. In 12 patients, CT with contrast arthrography showed a large defect in the antero-inferior part of the humeral head (Fig. 3) . The Hill-Sachs lesion was visible in 15 and the anterior glenoid labrum was absent.
There was no correlation between the number of preoperative dislocations and the development of osteoarthrosis (linear regression analysis, r 2 = 0.002).
Discussion
The Max Lange operation aims to prevent instability of the shoulder by lateralisation of the subscapularis tendon and by buttressing the anterior part of the capsule so that external rotation is restricted. This lateralisation has been associated with the greatest restriction of external rotation at long-term follow-up [2, 6, 7, 11, 12] , and this may protect against recurrence of the dislocation [4, 7, 8, 12] as shown in our study. The Putti-Platt repair also produces restricted external rotation [4, 5, 9] , although it has been suggested that this limitation is only temporary and needs not to be treated [7, 12] .
Lateralisation of the tendon and tightening the capsule may influence the biomechanics of the joint [4] . In the normal shoulder the instant centre of rotation is approximately at the centre of the humeral head. The displacement vector is tangential to the glenoid surface representing the displacement vector of the head. If an anterior capsulorraphy is very tight at the point of excursion of external rotation, the site at which the subscapularis inserts lateral to the lesser tuberosity becomes the new instant centre of rotation. A vector drawn perpendicular to the line joining the new centre and the contact point describes the new displacement vector of the humeral head. This new vector is directed towards the glenoid and head rather than tangentially to the glenoid surface (Fig. 4) . As a result, shear and compression forces occur at the anterior part of the glenoid and head which increase as the attempted forced external rotation is at its most outward point.
In our series, 12 patients who had CT arthrography showed anterior bone defects in the humeral head and all had significant restriction of ex- ternal rotation (mean 36°) compared with the 6 who did not have a defect and whose average external rotation was 46°. Hawkins and Angelo reported on 10 patients after the Putti-Platt repair with restriction of external rotation (mean -5°) and painful osteoarthritis of the shoulder [4] . We interpret the humeral bone defect in our cases to be due to the change in biomechanics produced by limited external rotation with subsequent increase of contact stress when this movement is forced.
Hawkins and Angelo mentioned the change in biomechanics and related it to the development of osteoarthritis [4] . We were also able to demonstrate the reaction of bone to increased forces in those with restricted external rotation. In addition, 47% of our patients developed some degree of osteoarthrosis, but none suffered pain. The inserted bone block does not influence the development of osteoarthrosis because it is extraarticular and not in contact with the head provided the head is stable; it may contribute to stability by the formation of scar tissue reinforcing the anterior capsule.
We could not demonstrate any correlation between the number of dislocations and the occurrence of osteoarthrosis. There is only one report on dislocation arthropathy in which this relation was also not established [14] .
Our findings lead us to recommend that restriction of external rotation should be avoided in the treatment of the unstable shoulder.
